The release of Cadmium (Cd 2+ ) ion onto the water as a result of industrial activities and its waste stream causes a negative impact on the environment and human health. The potential of synthesized HAp to remove Cd 
INTRODUCTION
Water is a vital aspect for human life. Release of heavy metal into the water and soil as a result of agricultural and industrial activities may pose a serious threat to the environment. One of Heavy metal, Cadmium (Cd) that accumulates by natural or anthropogenic source in the body will cause serious disease of the lungs, bones, heart and kidney [1] .
The content of heavy metals can be removed by various methods including precipitation, filtration, solvent extraction, electrodialysis, ion-exchange and adsorption [2] . For high strength and low volumes of wastewater, heavy metal removal by adsorption is a good proposition since its low cost, environment friendly and also simple [3] .
The use of alternative low cost materials as potential sorbents for the removal of heavy metals has been emphasized, recently. Numerous studies have demonstrated the adsorption ability of hydroxyapatite (HAp), which has recently been attracting considerable interest as a sorbent in the wastewater purification and removal variety of heavy metals from aqueous solution. This is due to the valuable properties of HAp which include high removal capacity, low water solubility, availability, low cost and high stability under oxidizing and reducing conditions [4] . HAp Ca10(PO4)6(OH)2 is a chemical substance related to the mineral component of bones and hard tissues in animals. HAp was synthesized from starting material such as Ca(OH)2 and H3PO4 or Ca(H2PO4)2.H2O and Ca(OH)2. Several methods have been employed to prepare HAp including sol-gel processing, the precipitation technique, hydrolysis, microwave irradiation, hydrothermal methods, etc. Extraction of HAp from natural resources is promising as an alternative choice for preparation of HAp. Natural HAp is found in bone, shell, coral, mineral and fish scale [4] . Production of shellfish in Indonesia increase from year to year. But the results of this commodities, especially the shells especially the shells have not been used optimally [5] . The advantages of use of shells are able to increase the value and reduce solid waste on the environment.
The objective of this study was to investigate the possible use of hydroxyapatite which synthesized by low hydrothermal method as an alternative adsorbent material for removal of Cd 2+ from aqueous solutions. The Langmuir and Freundlich models were used to fit the equilibrium isotherm.
MATERIAL AND METHODS

Materials
Waste seashells were collected from a seafood restaurant in Pekanbaru, (NH4)2HPO4 (Merck, Germany), and distilled water. Cd 2+ solutions were prepared from CdCl2 (Merck, Germay) for adsorption study.
Preparation of HAp from Seashells
The raw waste seashells were wash with distilled water and detergent to remove the dirt macro of seashells. Then it converted to be powder. He powders calcined in a furnace at 1000°C for 24 hours. The calcined powder sieved with a sieve-rise measuring 60,100 and 200 mesh. It was characterized by AAS (Atomic Absorption Spectrometer) to measure the level of Calcium.
Hydroxyapatite were prepared via low temperature hydrothermal method [6] . Calcined powder was mixed with (NH4)2HPO4 and distilled water. The mixture was heated at 90°C and stirred for 6 hours. The obtained HAp slurry was dried in an oven at 120°C for 15 hours. HAp powder dried to be calcined at a temperature of 900°C at a rate of temperature rise of 10°C/min for 1 hour.
The HAp from calcinate state were characterized by SEM, XRD, FT-IR and BET. Scanning Electron Microscopy (SEM) was used to characterize the morfology of synthesized HAp particles. The crystal phase was identified by powder X-ray diffraction (XRD). Fourier Transform Infrared Spectroscopy (FTIR) used to identify organic, polymeric, and in some cases, inorganic material. And the specific area of HAp were determined by Brunauer-Emmett-Teller (BET) Quantachrome Instruments version 11.0.
Sorption Study
First step before the adsorption process was determined the adsorption equilibrium time of Cd 2+ sorption by HAp. 0.5 gram of HAp put into Cd 2+ solution in a concentration of 20 mg/L and stirred with a magnetic stirrer (300 rpm) at ambient temperature (±30˚C). Samples taken appropriate solution 2 minute intervals for 10 minutes then 4 minute for 20 minutes. After that, the adsorbents were separated from the solutions by centrifugation and supernatant solution was determined using Atomic Absorption Spectrometer (AAS). The procedure were repeated for other initial concentration (20, 30 and 40 mg/L) and 1, 1.5 and 2 g/L of adsorbent dosage. The adsorbents were separated from the solutions at equilibrium time by centrifugation. Supernatant solution was determined using AAS.
RESULT AND DISCUSSION
Characteristics of Adsorbent SEM micrograph of the calcinated HAp powders at 900°C is shown in Fig Larger surface area will be a profitable thing a process of adsorption [7] . HAp surface area that is used as an adsorbent was measured using the BET. The surface area of the adsorbent for Cd 2+ ion adsorption process was 6.68 m²/g.
Testing Time Equilibrium
During the adsorption process, the speed of mass transfer of solid phase adsorbents adsobat heading is affected by the contact time [8] . Testing time Cd It is clear from the graph that concentration of Cd 2+ decreased with increasing time of adsorption. It reached to a constant value beyond which no further adsorption took place [9] .
It can be concluded that adsorption has a two-stage adsorption. In the early stages of contact time showed a decrease in the concentration very quickly. It could be inferring from the results that adsorption takes place in two stages: an initial rapid phase which attains saturation point within 18 minutes, attributed to presence of free sites at the surface of the adsorbents. Once the Cd 2+ are adsorbed from solution onto these sites, the block the adsorption pores (which are of smaller sizes) from subsequent adsorption. As a consequence, adsorption speed decreases and that marks the onset of the slow second phase from 22 to 30 minutes [8] . Therefore, surface adsorption sites are exhausted with time. The graph also shows that the equilibrium time for adsorption of Cd
2+
by HAp to review the appropriate model of equilibrium isotherms is 30 minutes.
Effect of initial concentration of Cd 2+
Effect of initial concentration of Cd 2+ ions on the adsorption process is shown in Fig.5 . The sorption of Cd 2+ ions was carried out at different initial Cd 2+ ions concentrations ranging from ~20 to ~40 mg/L at 300 rpm with 30 minutes of contact time using HAp and adsorbent dosage ranging from 1 to 2 g/L.
As shown in Fig.5 , when the initial Cd 2+ concentration increased from 20 to 40 mg/L, the uptake capacity of HAp increased from 18.26 to 37.73 mg/g, 12.80 to 25.49 mg/g and 9.62 to 19.31 mg/g for 1 g/L, 1.5 g/L and 2 g/L of adsorbent dosage, respectively. A higher initial concentration provides an important driving force to overcome all mass transfer resistances of the pollutant between the aqueous and solid phase, thus increasing the uptake [10] . Similar results were obtained from the other study [2, 4, 11] , the uptake capacity increases with increasing metal concentration. Therefore, the increased adsorption capacity with increasing the initial Cd 2+ ions concentration can be explained by the fact that the higher initial Cd 2+ ion concentration provides a higher concentration gradient or a stronger driving force between solution and HAp phase, and hence increasing the adsorption capacity.
Effect of adsorbent dosage
The effect of adsorbent dosage on Cd 2+ adsorption onto HAp was studied and is shown in Fig.6 . This figure reveals that the removal of metal ion increase in adsorbent dosage ranging 1-2 g/L.
Fig. 6: Effect of Prepared Hydroxyapatite Adsorbent Dosage
An increase in the adsorption with the adsorbent dosage can be attributed to the availability of greater surface area and more adsorption sites [11] . It is worth also be obtained from the the other study [4] , adsorption percentage increases with adsorbent dosage on the adsorption process. Therefore, the increased adsorption percentage with increasing the adsorbent dosage can be explained by the fact that the higher adsorbent dosage provides more adsorption site and hence increasing the adsorption percentage.
Adsorption Isotherm Models
Analysis of the equilibrium data is important to develop an equation which accurately represents the results and can be used for the design purpose [12] . An adsorption isotherm characterized by certain constants whose values express the surface properties and affinity of the sorbent and can also be used to find the sorption capacity of the sorbent. Several isotherm equations have been used for the equilibrium modeling of adsorption systems. In this study, the adsorption mechanisms were analyzed by Langmuir and Freundlich isotherm.
Langmuir isotherm equilibrium models indicate that a chemical bond is more dominating an adsorption process [13] . This model assumes that all the adsorption site is energetically identical and adsorption occurs on a structurally homogeneous adsorbent [14] . The equilibrium data for metal cations over the concentration range 20-40 mg/L have been correlated with Langmuir isotherm:
Where Ce is the equilibrium concentration of metal in the solution (mg/L), qe is the amount adsorbed at equilibrium onto HAp (mg/g), Qo and KL are Langmuir constants related to sorption capacity and sorption energy, respectively. Maximum sorption capacity (Qo) represents monolayer coverage of sorption with sorbate and KL represents enthalpy of sorption and should vary with temperature. A linier plot was obtained when Ce/qe was plotted against Ce over the entire concentration range of metal ion investigated [2] . The Freundlich sorption isotherm, one of the most widely used mathematical descriptions, usually fits the experimental data over wide range of concentrations. This isotherm gave an expression encompassing the surface heterogeneity and the exponential distribution of active sites and their energies [2] . The Freundlich adsorption isotherms were also applied to the removal of Cd The slope 1/n provides information about surface heterogeneity and surface affinity for the solute. 1/n is indicating the adsorption intensity onto the adsorbent or surface heterogeneity, becoming more heterogeneous when (1/n=0) and when (1/n<1) it indicates a normal Langmuir isotherm while (1/n>1) it is indicative of cooperative adsorption [16] . In this study, it obtained 0.592 and 0.746 of 1n value at 1 g/L and 1.5 g/L of adsorbent dosage, respectively. It could be indicate chemiosorption process. For 2 g/L dosage adsorbent, the obtain value was 1,075. It was indicated of cooperative adsorption [16] . kf constant are indicative of the adsorbent/adsorbate system. The derived value of kf were shown at Table 1 . However, the high kf value indicated high adsorption capacity [17] . 
